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?????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????? Porphyridium purpureum??????????????????
??????????? Triparma laevis ?????????????????
?????????? Limnothrix ????????????????????
?????????????????????????????? 3 ????
???????????????????????????????? 
? ?????? 2??????7?????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????P. 
purpureum NIES 2140??????????????????????????
?? 217,694 bp??? DNA?????224???????????29?? tRNA
????6 ?? rRNA ????1 ?? ncRNA ???????????????
???????? rRNA??????rRNA???????? 2????????
??????????????????16S rRNA???? 23S rRNA????
1
????? tRNA?????????????????????????????
2???? rRNA???????????????????rRNA??????
tRNA????????????????????????? rRNA?????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????? 
? ?????????????????????? 2-5 µm??????????
???????????????????????????????????
???????????????????? rDNA??? rbcL???????
???????????????????????????????????
???????????????????????????????????
??????????????????????? T. laevis?????????
?????????????????????? 117,514 bp?39,580 bp???
DNA???????????? 141???????????29?? tRNA??
??6 ?? rRNA ????2 ?? ncRNA ?????????????????
??? 37???????????25?? tRNA????2?? rRNA????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????? 
? Limnothrix? Pseudanabaena??????????????????????
???????????????????????????????????
???????????????? ABRG5-3???????????????
???????? 4.8 Mbp??? DNA?????4,318???????????
2
52?? tRNA????9?? rRNA????4?? ncRNA?????????
????????????7 ???????????????????????
???????????????????????????????? 
? ??????????????????????????????????
????????????????????????????? Limnothrix ?
???????????????????????????????????
????? Limnothrix????????????? 
? ??????????????????????????????????
?????????????????????????????? 16S rRNA
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????Limnothrix?????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????? 
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??  
adk?adenylate kinase 
CRISPR-Cas?clustered regularly interspaced short palindromic repeats – CRISPR 
associated protein 
CTAB???????????????????? 
(Hexadecyltrimethylammonium Bromide) 
EDTA???????????? (ethylenediaminetetraacetic acid) 
EST?expressed sequence tag 
EtBr???????? (ethidium bromide) 
FBA??????? -1,6-???????????  (fructose-1,6-bisphosphate 
aldolase) 
GAPDH??????????-3-???????? (glyceraldehyde-3-phosphate 
dehydrogenase) 
GTR+G+I?general time-reversible (Gibson et al. 2005), Gamma-distributed among site 
rate variation, Invariant sites 
IR???????? (Inverted Repeat) 
LG?Le & Gascuel 2008 
LR-ELW?the Expected-Likelihood Weights applied to Local Rearrangements of tree 
topology 
LSC?Large Single Copy 
map?methionine aminopeptidase 
MCMC?????????????? (Markov chain Monte Carlo methods) 
MCMCMC?Metropolis??MCMC (Metropolice-coupled MCMC) 
ncRNA?non-coding RNA 
PDMPO?2-(4-pyridyl)-5-([4-(2-dimethylaminoethylaminocarbamoyl)-methoxy]phenyl) 
oxazole 
RDP?Ribosomal Database Project 
SAR?????????(Stramenopiles)????????(Alveolates)?????
(Rhizaria)? 1?????????????????? 
SBS?Sequence-by-Synthesis 
SSC?Small Single Copy 
6
TPR?tetratricopeptide repeat 
Tris????(????????)?????? (Tris(hydroxymethyl)aminomethane) 
WAG?Whelan & Goldman 2001 
7
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? 1? 
???????????????????? 
 
1.1. ????????????  
? ??????????????????????????????????
?????????????????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????(Taylor 1976)????Schimper (1883)??????????????
???????????????????????????????????
?????????????????????????????Mereschkowsky 
(1905)?????????????????????????????????
????????????????Margulis????????????????
???????????????????????????????????
????????????????????????????(Sagan 1967)?
Margulis????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????(Ris & Plaut 1962, von Wettstein 
1967)?2??????????? DNA???(Chun et al. 1963, Bogorad 1967)?
???????????????? DNA?????(Sagan et al. 1965)????
?????????????? DNA???????????????????
(Leff et al. 1963)?????????????????????????????
??????(Edelman et al. 1964, 1965)???????????????
(Lederberg 1952)????????????????????????????
?????????? 2?????????????(Krinsky 1966)?????
???????????????????????????????????
????????????????????????????????(Kirk & 
9
Tilney-Bassett 1967)???????????????????????????
?????????(??????)??????????????????
(Surzycki 1969)?????????????????????????????
???????????????????????????????????
??????????????????(Margulis 1970)???????????
????????????????rRNA??????(Urbach et al. 1992)? ATP
?????????????????????????????????
(Margulis 1993)?????????????????????????????
??????? 
 
1.2. ??????????????  
? ??????????? 2???????????1???????????
????????????????????(????)???? 1??????
???????????????????????????(????)???
(Kim & Archibald 2009)?????????????????????????
???????????????????????????????????
???????????? 3 ??????????????????????
???????????????????????????????????
??(1.11.???????)???????????????????????
Prochlorococcus/Synechococcus??????????????????????
????????????????????????? Paulinella chromatophora
??? (Marin et al. 2005)????????????????????????
?????????????????? 2 ????????????????
????????????????????????????????????
???????????????????????????????????
????????????????????????????????????
(Greenwood 1974, Hibberd & Norris 1984)??????????????????
???????????????????????????????????
???????????????????????????????????
????????(Larsen 1992, Schnepf 1992) (? 1-1)????????????
???????????(? 1-1)? 
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? ???????????????????????????????????
???????????????????????????????????
???????????????Cyanophora paradoxa? 1?????????
???? 7??????????? 3? 9?????????????????
???????????????????????????????????
?????????????GOBASE (O’Brien et al. 2009)??????????
??GOBASE???? 2010? 8?????????????????????
??????????NCBI??????3????????????????
???????????????????????????????????
???????????????????????????NADH ?????
???????????????????????????????????
????????????????????????????????(? 1-2)?
???????????????????????????????????
??????????(1.5.???????)????????????????
???????????????????????????????????
???????????????????????????????????
??????????????? 40%?????(Nelson et al. 1995)?????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????? 
 
1.3. ??????????  
? ??????????????????????????????????
???????(Gabrielson et al. 1990, Graham & Wilcox 2000)?????????
??????????? 2 ????(?????)????????(Garbary & 
Gabrielson 1990)?????????? 6 ?????????????????
???????????????????????????????????
??(Yoon et al. 2002)?????????? 3 ???????(Oliveira & 
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Bhattacharya 2000)????????????????????????????
??????????????(Gabrielson et al. 1985, 1990, Garbary & Gabrielson 
1990)? 
? Saunders & Hommersand (2004)?????????????????????
???????????????????????????????????
??????????????????????? 2 ???????????
????????? 4 ?????????????????????????
????????? 
? Yoon et al. (2006)????? 25? 48???????????????? 7?
???????(? 1-3)?????????????????????????
????????????????????????????????(Barbier 
et al. 2005)?????? 2??????????????? b? c??????
????????????Yoon?????????????????????
???????????????????????????????? 2 ??
????????????????? 7 ?????????????????
???????????????????????????????????
???????????????? 3 ??????????????????
???????????????????????????????????
???????????? rRNA ????????????????????
???????????????????????????????????
??????????????????????????????????? 3
????????????????? 3 ?????????????????
????????????????????????(Zuccarello et al. 2008)???
??????????????????????? 
? ???????????????2???????????1???????
? Bangia???????????? Bangiomorpha pubescens (Butterfield 2000)?
?????????? 1200 Ma (1 Ma? 100???)?????????????
??????????????2????599 Ma?????????????
??(?????)???????????????????????(Xiao et al. 
1998, 2004)?Yoon et al. (2004)?????????????????? 1449-1513 
Ma?????????????? 1350-1416 Ma?????????????
12
800 Ma?????????? 
 
1.4. ?????  
? ??????????????????????????? 1???????
???????????????????????????????????
??????????(Saunders & Hommersand 2004)????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????(Patel et al. 2013)???????????????????????
??????????????? Porphyridium purpureum NIES 2140?????
????????????????????????????(? 1-4a)? 
 
1.5. ???????????????????  
? ??????????????????????????????????
???????????????????????????????????
??(Cavalier-Smith 1981)???????????????????????? 4
?????????????????? c ????????????????
?????????????????????????(Cavalier-Smith 1999)?
????????????????????????????-3-??????
??(GAPDH)???????-1,6-???????????(FBA)??????
??(Harper & Keeling 2003, Patron et al. 2004)????????????????
(Yoon et al. 2002)????????????????????????????
???????????????????????????????????
???????(Burki et al. 2012)?????????????????????
????????????????????????????(Burki et al. 2007, 
2008, Hackett et al. 2007)?SAR (Stramenopiles, Alveolates, Rhizaria)???????
??????????????Cavalier-Smith ???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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???????????????????????????????????
?????????????????(Adl et al. 2005, Keeling et al. 2005)?????
?????? PsbO ??????????????????????????
???????????????????????????????????
?????????????????????(Rogers et al. 2007, Takahashi et al. 
2007)?????????????????????????????????
??????????????(Archibald 2009)??????????????
???????????????????????????????????
???????????????????????????????????
??????????????????? 
 
1.6. ??????????????????  
? ???????????????????????????? 2-5 µm???
?????????????????(Booth & Marchant 1987)????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????(Booth et al. 1980, Silver et al. 
1980)?Marchant & McEldowney (1986)???????????????????
?????????????????????Booth & Marchant (1987)????
?????????????????????????????????2??
?????????5 ??????????? Pentalaminaceae ??1 ????
Pentalamina ?? 1 ?????????8 ??????????? Triparmaceae
??3?? Triparma?? 5?? Tetraparma????????????????
???????????????????????????????????
???????????????????? PDMPO (Shimizu et al. 2001)???
??????????????????????????????(Ichinomiya et 
al. 2010)????????????????????????? Triparma???
?? Triparma laevis???(? 1-4b)?????????? 18S rRNA? rbcL??
???????????????????????????????????
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????????????????????(Ichinomiya et al. 2011)? 
? ??????????????????????????????????
??????????????????(Guillou et al. 1999, Lovejoy et al. 2006)? 
? ??????????????????????????????????
???????????????????????????????????
?????? 10????????????????????????????
???? 40%?????(Nelson et al. 1995)????????????????
???????????????????????????????????
????(?? 2007)??????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????(Guillou et al. 1999)?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????? 
 
1.7. ???????????  
? ??????????????????????????????????
??????????????????????(Zehr et al. 2008)??????
???????????????(Welker & von Döhren 2006)?????????
????????????????????? 5 ??????????(Rippka 
et al. 1979)????????????????????????(subsection I, 
Chroococcales)????? (baeocytes)????????? (subsection II, 
Pleurocapsales)?????????????????????????????
?????????????????????(?????(trichome))?????
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?? (subsection III, Oscillatoriales)????????????(??????
(heterocyst))????????????(?????(akinete))??????(???
???(hormogonia))???????????????????????????
???????????(subsection IV, Nostcales)??????????????
?(subsection V, Stigonematales)???????Limnothrix sp. ABRG5-3????
???????????? Pleurocapsales ? Stigonematales ?????????
???????????????Procholorococcus/Synechococcus???????
???????????????? 72 ?? 29 ??????????????
?????????????????????Shih et al. (2013)???????
????????? 54???????????????????Stigonematales
?????????????????Pleurocapsales ????????????
???????????????Stigonematales???? Nostcales, Stigonematales
???????????Chroococcales? Pleurocapsales? Oscillatoriales????
???????????????????????????????????
???????????????????????????????????
??????????????? Gloeobacter violaceus (Nakamura et al. 2003)??
?????????????????? 2 ??? Synechococcus (Bhaya et al. 
2007)???????Pseudanabaena ????????? 3 ?????????
???? 
 
1.8. Limnothrix sp. ABRG5-3 
? Limnothrix sp. ABRG5-3???????????????????(Nishizawa et 
al. 2010)???Oscillatoriales??????(? 1-4c)?Limnothrix??Pseudanabaena
? Arthronema?????????????????????? rRNA????
????????????????????? 16S rRNA??????????
???????3????????????????????????????
?????????(Nishizawa et al. 2010)?Limnothrix/Pseudanabaena?????
???????(Acinas et al. 2009)?????????(Wang et al. 2009)????
???????????????????????????????????
???? 
? Limnothrix sp. ABRG5-3 ???????????????????
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Pseudanabaena?????????????????????????????
??????????(Shih et al. 2013)?Limnothrix sp. ABRG5-3???????
????????Limnothrix sp. ABRG5-3?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????? 
 
1.9. ??????????  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?PCR???????????? DNA??????????????????
??DNA???????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????? 
? Roche Diagnostics?? genome sequencer FLX instrument??????????
???????????????????DNA??????????????
?????????????????dNTP??? DNA??????????
??????????????????????-5’-????????????
?? ATP?????????????????????????CCD????
????????????????????????????(????
TTAAACGG ?????????T ????? 2?A ????? 3?C ????
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? 1?G????? 2????????)?genome sequencer FLX instrument??
dTTP?dATP?dCTP?dGTP ??? 1???? 200?????????????
???????????? 
? Illumina?????????????SBS (Sequence-by-Synthesis)??????
3’??????????????????? 4???????? 1??????
DNA?????????????????????????????????
??? 
? ?????DNA???????????????????????????
?????? 2 ??????????????????????????DNA
???????????????????????????????????
? DNA?????????????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
?(Kanesaki et al. 2012, Tajima et al. 2011)??????????????????
???????????????????????????????????
???????????????????????????????????
??????? 3 ???????????????????????????
????? 
 
1.10. ???????  
? ??????????????????????????????????
?(Yang 2006)?????????????????????????????
??? 
? ???????Saitou & Nei (1987)???????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????? 2 ???????????
??????????????????????????? 
? ???(Felsenstein 1981)????????????????????????
???????????????????????????????????
?????????????????? TREEFINDER (Jobb et al. 2004)????
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?????????? LR-ELW (the Expected-Likelihood Weights applied to Local 
Rearrangements of tree topology)??????????????????????
???????????????????????????????2????
??????????????????????????????? 2 ???
???????????????????????????????????
?????????????????????? ELW (Strimmer & Rambaut 
2002)?????????????????????????????????
???????????????????????????????????
??????????? 
? ????(Rannala & Yang 1996)?????????????????????
????????????????????????????????
Metropolis-Hastings ????????????????????????
(MCMC)??????(Metropolis et al. 1953, Hastings 1970)?Metropolis-Hastings
????????????(?????????????)???????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????MCMC?????????????
????????1???????????????????????????
??????????????MrBayes (Huelsenbeck & Ronquist 2001, Ronquist 
& Huelsenbeck 2003)????????????? Metropolis ?? MCMC 
(Metropolis-coupled MCMC; MCMCMC) (Geyer 1991)?????????
MCMCMC ???????????????????1 ?????????
MCMC????????????????????????????????
???????????????????????????????????
? 2 ?????????????????????????????????
?????? 
? ??????????????????????????????????
?????????????????????????(Qiu et al. 2012)????
???????????????????????????????????
???????????????????????????rRNA??????
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??????????????????????????????????? 
 
1.11. ??????????????????????
??  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???(Criscuolo & Gribaldo 2011, Shih et al. 2013)??????????????
????????????Nostcales???????????(Deusch et al. 2008)
? Stigonematales???????????(Dagan et al. 2013)?????????
rRNA?????????????????????????????????
????????????????(Falcon et al. 2010)???????? 16S 
rRNA ????????????????????????????????
????????? 
 
1.12. ???????????  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? Porphyridium 
purpureum????? Triparma laevis???????????????????
? Limnothrix sp. ABRG5-3????????????????????????
???????????????????????????????????
???????????? rRNA ????????????????????
???????????????? 2????P. purpureum?????????
???????????????????????????????????
???? 3????T. laevis???????????????????????
???????????????????????????????????
?????????????????????? 4 ????????????
???????????????Limnothrix sp. ABRG5-3??????????
??????????????? 5 ???????????????????
20
????????????????????????????????? 16S 
rRNA?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????? 
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? 1-1?????????????????????????? 
??????????????????????????????????
??????????????????????????????????
????????????(????)?????????????????
??????????? 
23
 ? 1-2???????????????????????????????
??? 
5 ???????(Cyanidioschyzon merolae, Cyanidium caldarium, Gracilaria 
tenuistipitata var. liui, Porphyra purpurea, Porphyra yezoensis)?1???????
(Cyanophora paradoxa) ? 5 ? ? ? ? ? ? ? ? (Arabidopsis thaliana, 
Physcomitrella patens, Chaetosphaeridium globosum, Chlorella vulgaris C-27, 
Mesostigma viride)????????????????? hypothetical protein
????????????????????
24
 
? 1-3??????????? 
Yoon et al. (2006)???????????????????????????
?? 
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? ? ? ? ? ? ? ?  (a) 
 
 
 
 
 
 
? ? ? ? ? ? ? ?  (b) 
 
 
 
 
 
 
 
 
? ? ? ? ? ? ? ?  (c) 
 
 
 
 
 
 
 
 
? 1-4??????????? 
(a) Porphyridium purpureum??????????????? 
(b) Triparma laevis????????? (??????????) 
(c) Limnothrix sp. ABRG5-3??????????????? 
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? 2? 
???????????? Porphyridium purpureum 
????????? 
 
2.1. ??  
 
? ????2?????? 7??????????(Yoon et al. 2006)????
?????(Cyanidiophytina)????????(Cyanidiophyceae)1 ?????
??????????(Rhodophytina)??????(Florideophyceae)????
???(Bangiophyceae)????????(Compsopogonophyceae)??????
? (Stylonematophyceae) ? ? ? ? ? (Rhodellophyceae) ? ? ? ? ? ?
(Porphyridiophyceae)? 6 ??????????? 7 ???????????
????????????? 3???????2?????????(Glöckner 
et al. 2000, Ohta et al. 2003)?4???????(DePriest et al. 2013, Hagopian et 
al. 2004, Janouškovec et al. 2013)??? 3 ???????? (Reith & 
Munholland 1995, Wang et al. 2013)????????????????? 3?
????????????? 
? ???P. purpureum CCMP 1328 ????????????????
(Bhattacharya et al. 2013)????????????????????????
???? 
? ???????CCMP 1328??????? P. purpureum NIES 2140???
??????????????????????????????????
???????????????????? P. purpureum????????
?????????????????????????? 
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2.2. ?????  
 
2.2.1. ???????  
? P. purpureum NIES 2140??????????????????????
????????????? ESM??(??? ESM??(Okaichi et al. 1982)
? soil extract???????????????? Viesalt (MARINETECH?)
? 35 g/l?????)??????????????? 22???20 µmol/m2 • s
????? 12 ?????12 ?????????????????????
????????DNA??????????? 30????? 30 µmol/m2 • s
?????????????????????????1%? CO2?????
??????? 6????????? 
 
2.2.2. ????  
? 1.0 M Tris-HCl: Tris 60.5 g?????????HCl? pH? 8.0?????
500 ml????????????????????? 
? 0.5 M EDTA: 2NA(EDTA•2Na) 37.2 g?????????NaOH? pH 8.0
?????200 ml????????????????????? 
? TE50/20: 5 ml? 1.0 M Tris-HCl (50 mM)? 4 ml? 0.5 M EDTA (20 mM)??
?????? 100 ml????????????????????? 
? TE: 1 ml? 1.0 M Tris-HCl (10 mM)? 0.2 ml? 0.5 M EDTA (1 mM)????
???? 100 ml????????????????????? 
CTAB?????????????????????????????? 
?2×CTAB: 1.0 M Tris-HCl (pH 8.0) 10 ml (100 mM)?NaCl 8.18 g (1.4 M)?0.5 M 
EDTA 4 ml (20 mM)?CTAB 2.0 g?????????100 ml??????
??? 2-??????????? 280 µl???? 
?1×CTAB: 1.0 M Tris-HCl (pH 8.0) 5 ml (50 mM)?0.5 M EDTA 2 ml (10 mM)?
CTAB 1.0 g?????????100 ml???? 
?10% CTAB: CTAB 10.0 g?NaCl 4.09 g (0.7 M) ?????????100 ml
???? 
????????: ?????????????????????? 24:1?
????? 
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? 20 mg/ml??????? K: 10 ml???????????? K 200 mg?
???????????????? 
? 20 mg/ml EtBr: 10 ml????? EtBr 200 mg?????????????
????????????????? 
?1 M CsCl/EtBr: CsCl 8.42 g?1.0 M Tris-HCl (pH 8.0) 2.5 ml (50 mM)?0.5 M 
EDTA 1 ml (10 mM)?20 mg/ml EtBr 0.5 ml?????????50 ml???? 
?7 M CsCl/EtBr: CsCl 58.9 g?N-????????????????? 50 mg?
20 mg/ml EtBr 0.5 ml?????????50 ml???? 
?????? CsCl/EtBr: TE 30 ml? CsCl 30 g? 20 mg/ml EtBr 0.5 ml???
?? CsCl?????? 
?4 M NaCl?? 2-??????: 4 M NaCl???? 2-??????????
????????????????????????? 2-???????
?????? 
 
2.2.3. DNA??  
? ????????????? 50 ml????????30??3,000 g?10?
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
? TE50/20????????????400 µl??? 12?? 1.5 ml?????
????1????? 40 mg????????(150-212 microns (SIGMA))??
???????30?????????20 mg/ml??????? K? 10 µl?
????30?????????????????????????????
?????? 15????????? 1??????????????(3.6 g)?
????????? 2×CTAB (3.5 ml)????50?? 1??????????
???????????TE50/20? 2×CTAB? 1.5 ml????????20 mg/ml
??????? K? 50 µl???50?? 1????????????20 mg/ml
??????? K? 110 µl???50??????????????????
??????(10 ml)???30????????? 20??8,400 g?10???
?????????????????????????? 20??8,400 g?5
??????????????????????????????????
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? 1/10? 10% CTAB (0.6 ml)????????? 7 ml???30??????
??20??8,400 g?10????????????????????????
???????????? 1×CTAB (7 ml)?????????????1??
????????20??3,000 g?20??????????????????
?????????????????????10???????????1 M 
CsCl/EtBr?3.5 ml??????? 30??50???????????????
7 M CsCl/EtBr? 4.5 ml??????? 10?? 50????????????
??????20??352,000 g?38 ????????DNA ????????
??????????????????? CsCl/EtBr????????20??
315,000 g?20????????DNA???? 1.5 ml?????????4 M 
NaCl ?? 2-???????????????????????? 2-???
?????????????? 4 M NaCl?? 2-????????????
?????????????????????????? 100% 2-????
???????????????????? EtBr ???????? 1 mM 
EDTA ? 40 ????????????????????????????
(Spectra/Por® molecularporous membrane tubing (MWCO:12-14,000))?????
????????????? Spectra/Por® CROSURES??????????
???????TE????????? 500 ml?????? 100 ml? TE?
1??????????? 400 ml? TE?????????????????
??? 24??????????????????? 30.8 ng/µl??????
?????? DNA ?????????????????????????
???????????????????? 92.6 ng/µl????? 
 
2.2.4. DNA????  
? ??????? DNA????5.5 µg? DNA?????????????
??????????Roche Diagnostics??genome sequencer FLX instrument
???????????????????? Newbler Matrics ver. 2.5.3???
??????????????????????????????????
?????????? 3,355?(???=5,775 bp)????peak depth? 27.0??
???????? 19.4 Mbp???????????? blastn (Altschul et al. 
1997)????????????????????????????????
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??????????????????????????????????
13?????????????????????????????????
??????????????????????????????????
?????????PCR???????????????????????
??????????????????????????????????
??????????????????????????????????
???????? 
? ??????????????????????????????????
???????????? PCR????????????????????
??????????????????????????????????
??? GenBank?????(accession number: AP012987)? 
 
2.2.5. ????????????????  
? ??????????????????? MetaGeneAnnotator (Noguchi et al. 
2008)???????????P. purpureum????????????????
Gclust (Sato 2009)??????? CyanoClust (Sasaki & Sato 2010)?????
???????????????????? 7 ????????(Ectocarpus 
siliculosus, Fistulifera sp. JPCC DA0580, Fucus vesiculosus, Heterosigma 
akashiwo, Synedra acus, Thalassiosira oceanica, Vaucheria litorea)??????
???????tblastn ???????????tblastn ??????????
???????????????????????????? 30 ????
ATG ???? GTG ?????????????????????????
????????????????????????? CyanoClust????
??????????????????????????????????
??????? 7?????????????????????? 
? RNA???????? P. purpureum?????????????????
?????????????????RNA???????blastn?????
???tRNA???????? tRNAscan-SE (Lowe & Eddy 1997)??????
??????? CAU? tRNA (tRNA (CAU))? 3????????????
?? 2.3.4.???????? 
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? ?????????? RNAweasel (Lang et al. 2007)????? EST???
(Chan et al. 2011)???????????????? 
? ??????? rRNA ??????????? GOBASE ??????
(O’Brien et al. 2009)?????????????????????? 7??
????????????(Paulinella chromatophora)?4 ????(Pyropia 
haitanensis, Calliarthron tuberculosum, Chondrus crispus, Grateloupia 
taiwanensis)?2??????(Pavlova lutheri, Phaeocystis antarctica)?1???
????????(Bigelowiella natans)????????????? 
? 3?? tRNA(CAU)?????????rRNA ?????????????
????????????????????????? 3????????
??????????????????? 
? DNA???????????????SISEQ ver. 1.59 (Sato 2000)????
??tRNA(CAU)??????????? Clustal X ver. 2.0.9 (Larkin et al. 2007)
??????????????????? ClustalW/ClustalX ver. 1.8.3 
(Thompson et al. 1994)????? Muscle ver. 3.6 (Edgar 2004)????????
??????? Artemis ver. 13.0 (Rutherford et al. 2000)?????? 
 
2.2.6. P. purpureum?????????????  
? P. purpureum???????????????????????????
? Gclust ???????“CyanoClust4”???????(Cluster No. 5 ???
Cluster No. 4454)?????????????? 350???????????
????????????????????????Muscle ver. 3.6?????
LG ????????????????????????????
TREEFINDER ver. March 2011 (Jobb et al. 2004)??????????????
???? LR-ELW???????? 
? P. purpureum?????????? II???????GTR+G+I?????
??????????????????????? TREEFINDER ver. June 
2008 (Jobb et al. 2004)?????? 
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2.3. ??  
 
2.3.1. P. purpureum?????????  
? P. purpureum NIES 2140???????? Roche Diagnostics?? genome 
sequencer FLX instrument???????????????? 13??????
?????????????????????????????P. purpureum 
NIES 2140?????????? 217,694 bp?GC?? 30.3%??? DNA?
??????????????????????????????(? 2-1)
??P. purpureum????????????????(? 30,433 bp)????
???????????P. purpureum?????????1?? ncRNA??
?(rnpB)?6?? rRNA???(2?? rrs?2?? rrl?2?? rrf)?29?? tRNA
?????? 224???????????????????????(? 2-2?
? 2-1)? 
? ??????????? rRNA ???????????????(IR)??
?????????????????????rRNA????? 3?? rRNA
???(rrs, rrl, rrf)? 2?? tRNA???(tRNAIle(GAU), tRNAAla(UGC))???
???(? 2-2)?tRNAIle(GAU)???? tRNAAla(UGC)?????rrs???(16S 
rRNA?????????)? rrl???(23S rRNA?????????)??
???????????????????????????? 2 ????
rRNA ???????????????????????????????
? rRNA???????? 
? P. purpureum???????? rRNA????????????????
??????????????(IR1)? rrs? rrl??? tRNAAla(UGC)????
????(IR2)? tRNAIle(GAU)??????(? 2-1?? 2-2)??? 2 ???
rRNA???????????????????? PCR?????????
?????????EST???(Chan et al. 2011)???????(CCMP 1328
?)???? rRNA??????????????????????? rRNA
??????????????????????????????????
?????????????? 
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2.3.2. ??????????????????????  
P. purpureum????????????????????????????
?????????????????????????????P. purpureum
???? 6?????13?????????????1????????40
?????????????????????????????? 41 ??
??????????????????????????????(? 2-3)?
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????37???
??????????????????????????????????
?????????????? 5 ?????(mat1a, mat1b, mat1c, mat1d, 
mat1e)??????? Rhodomonas salina????????????????
??????????????????????????????????
??????????2.3.3.?????????????????? ycf12, 
ycf80????????????????????????????????
??RNA ???????????????????????????ATP
????????? I, II ???? 57 ?????????????????
???????????????????????(apcA, apcB, apcD)???
?????(cpcA, cpcB)?????????(apcE, apcF)??????????
??????????????????????????????????
??????????????????????(rne, ycf56)???????
?????????(cpeA, cpeB)?tRNA????(syfB, syh)????????
???????????????? ABC ????????????(mntA, 
mntB)??????? P. purpureum????????? 
? ?????????????????????????????????
??????????????????????(Glöckner et al. 2000)???
??????????????????????????????????
??????????????????????????????????
????(? 2-4)?19???????????????????????? 
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????????????????????(chlB, chlL, chlN)??????
????????????3-?????????????????????
??????(leuC, leuD)??Gracilaria tenuistipitata???????????
????????????????????????(Janouškovec et al. 
2013)????? CoA????????(ACCase) (accA, accB, accD)????
???????????(argB)?ycf29? P. purpureum??????????
????P. purpureum?????(Konishi et al. 1996)???????????
(Livne & Sukenik 1990, Roessler & Ohlrogge 1993)?????????????
??? ACCase ???????????????????????????
??????????? ACCase?????????????? 
 
2.3.3. ???????????????  
? RNAweasel (Lang et al. 2007)????? EST???(Chan et al. 2011)???
????????????????????????????(? 2-3)?224
?????????????29?????? 1?????????????
?????????????rpl28???????????????????
?(???? I ????????????????(Cech 1988, Lang et al. 
2007))???????????? I ?????????????(? 2-5)??
?????????????? II?????????dnaK, infC, gltB, rpoC2
??????????????????????????????????
??P. purpureum????????? 5????????????????
???(? 2-6)?mat1a? atpE? ORF44????????????????
??????????? RT ????? X???????????Mat1d ?
???????????????? Zn ????(??????????)?
??????Mat1a? Mat1b? YxDD????(5????????????
??????(Zimmerly et al. 2001))???????dnaK???????(??
?? int.b (dnaK)???)? mat1b ????????RNAweasel ??????
????????????????????????trnK????????
???????????(matK)???????(Neuhaus & Link 1987)??P. 
purpureum ?????????????????????? MatK ????
???????? 
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? ?????????????????????????????????
?????P. purpureum?? 2????????????????????
??????????(? 2-7)?1?? Mat1a, Mat1c, Mat1d, Mat1e?????
???Mat1a? Rhodomonas salina???????????????????
?????????Mat1b ??????????????????????
????????(? 2-8)?????int (mntA), int.b (rpoC2), int.b (atpI)???
????????????????(int (gltB))??????????????
????????????????????????????????
30,433 bp?????????????? 14%???????????? 
 
2.3.4. ??????? CAU??? tRNA??????  
? ????????????????????1 ????????????
tRNA???? 1????????????????? CAU??? tRNA?
??? tRNAMet(CAU), tRNAfMet(CAU), tRNAIle(CAU)?3??????????
P. purpureum???????????? 3??? tRNA?????????
???(? 2-4)? 
? tRNAfMet(CAU)?????????????? tRNA ???????
tRNAfMet(CAU)? tRNA ????????????????????????
D????? 11??? 25??? AU???? 12??? 24??? GC??
??????????????? 2?? 3?? GC???????????
(Alkatib et al. 2012)?126,118-126,045??????? tRNA(CAU)?????
??????????????????tRNAfMet(CAU)????????? 
? tRNAIle(CAU)??????????????????? TilS (tRNAIle-??
??????)?????????????? tRNA??????(Soma et al. 
2003)?????????????? ycf62???????????????
???????tRNAIle(CAU)?????????????????? AUG
?? AUA ?????????????????????????? tRNA
???????TilS? tRNAIle(CAU)???? 33??? C? 39??? A??
???(Nakanishi et al. 2009)???????? 2?? tRNA(CAU)?????
33??? C? 39??? A??????????????????????
?? tRNAIle(CAU)?????????????????????(Francis & 
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Dudock 1982)??????????????? tRNA(CAU)????????
??????? 114,922-114,837 ????????? tRNAIle(CAU)??
19,649-19,577 ????????? tRNAMet(CAU)??????????(?
2-9)?????????????? C. paradoxa???????? tRNA(CAU)
??tRNAMet(CAU)? tRNAIle(CAU)???????????????????
????? 
 
2.3.5. ????????????????????????
????  
? P. purpureum???????????????????????????
?? Synechocystis sp. PCC 6803? Anabaena sp. PCC 7120?????????
??????????????????????????????????
????????????????(? 2-10)??????????????
???????dnaK ??????????????????? rpl3 ???
??????????????????????????????????
???????????????(rpl4, rpl29, rpl24, rpl18, rpl13)?????
?????????????????????? ycf88??rps19 ? rpl22 ?
????????? 
? ?????????????????????????????????
??????????????????????????????????
?????rps12-rps7 ???? rpl36-rpl31 ???????????????
??????????????????????????????????
?(Ohta et al. 1997)????????? 
? P. purpureum?????????????????????? 4????
?????????? 2-10?????????rps5? secY???secY? rpl36
???rps7 ? tufA ??????secY ?????????????????
ORF57c? rpoC2????????secY, rps10, tufA???????????
??????C. paradoxa??secY? rpl36?????????(Stirewalt et al. 
1995)???????????????????
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2.4. ??  
 
? P. purpureum ????????????????????????2 ??
rRNA ???????????????????????????????
??????????????????????????????????
??????????????????????????????????
?? 
? ?????????????????????????????????
?????(Bernard et al. 1992, Janouškovec et al. 2013, Yoon et al. 2006)??1
??????????????????? 1?? 2???????????
?? tRNA(CAU)??????????????????????
(Janouškovec et al. 2013)????????????????????????
?? psaA ???????????????????????(Yoon et al. 
2006)?P. purpureum ? psaA ?????????????????????
????????????????? 
? P. purpureum?????????????? 5????????????
???????????????????Mat1d ????????????
??????????????????????(? 2-6)?????????
???????????(? 2-7)???Mat1a, Mat1c, Mat1d, Mat1e?????
?????????????????????P. purpureum???????
????Mat1d ???????????????????????????
????????????????????????????????
Mat1a, Mat1c, Mat1e?????????????????????????
??????????????????????????????????
? P. purpureum???????????????????????????
??????????????????????????????????
??????????? 
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?2-1?????????????????????? 
?? 
???????
?? 
?????
???? 
?????
? 
????? 
(bp) 
GC ?? 
(%) Reference 
Porphyridium purpureum 
(?????) AP012987 224 43 217,694 30.3 ????? 
Calliarthron tuberculosum 
(?????) KC153978 201 2 178,981 29.2 
Janouškovec  
et al. 2013 
Chondrus crispus 
(?????) HF562234 204 1 180,086 28.7 
Janouškovec  
et al. 2013 
Gracilaria tenuistipitata var. liui 
(?????) AY673996 204 1 183,885 29.2 
Hagopian  
et al. 2004 
Grateloupia taiwanensis 
(?????) KC894740 234 0 191,270 30.6 
DePriest  
et al. 2013 
Porphyra purpurea 
(??????) U38804 209 0 191,028 33.0 
Reith &  
Munholland 1995 
Porphyra yezoensis 
(??????) NC007932 209 0 191,954 33.1 - 
Pyropia haitanensis 
(??????) KC464603 211 0 195,597 33.8 
Wang et al. 
2013 
Cyanidioschyzon merolae 
(???????) NC004799 207 0 149,987 37.6 Ohta et al.2003 
Cyanidium caldarium 
(???????) AF022186 199 0 164,923 32.7 
Glöckner  
et al. 2000 
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?2-2?P. purpureum?????????????????????????? 
?? ???? ????      
Transcription & replication        
 Helicase 1 dnaB      
 Ribonuclease 2 rne ycf56 
(RNase_Z) 
    
 RNA polymerase 5 rpoA rpoB rpoC1 rpoC2 rpoZ  
 Transcription 3 ntcA rbcR ycf27    
 Maturase 5 mat1a mat1b mat1c mat1d mat1e  
 Chaperone 5 clpC dnaK groEL ycf39 ycf45  
 Protease 1 ftsH      
Translation factors        
 Translation 4 infB infC tsf tufA   
 Ribosomal protein 28 rpl1 rpl2 rpl3 rpl4 rpl5 rpl6 
   rpl9 rpl11 rpl12 rpl13 rpl14 rpl16 
   rpl18 rpl19 rpl20 rpl21 rpl22 rpl23 
   rpl24 rpl27 rpl28 rpl29 rpl31 rpl32 
   rpl33 rpl34 rpl35 rpl36   
  20 rps1 rps2 rps3 rps4 rps5 rps6 
   rps7 rps8 rps9 rps10 rps11 rps12 
   rps13 rps14 rps16 rps17 rps18 rps19 
   rps20 ycf65 
(PSRP-3) 
    
Photosynthesis        
 Phycobilisome 11 apcA apcB apcD apcE apcF cpcA 
   cpcB cpcG cpeA cpeB pbsA  
 Cytochrome complex 11 ccdA ccsA ccs1 petA petB petD 
   petG petJ petL petM petN  
 Carbon fixation 3 cbbX rbcL rbcS    
 Redox system 4 ftrB ORF107 petF trxA   
 Chlorophyll biosynthesis 3 acsF chlI ycf53    
 ATP synthase 8 atpA atpB atpD atpE atpF atpG 
   atpH atpI     
Photosystem        
 Photosystem I 13 psaA psaB psaC psaD psaE psaF 
   psaI psaJ psaK psaL psaM ycf3 
   ycf4      
 Photosystem II 19 psbA psbB psbC psbD psbE psbF 
   psbH psbI psbJ psbK psbL psbN 
   psbT psbV psbW psbX psbY psbZ 
   ycf12      
Metabolism        
 Pyruvate dehydrogenase 2 odpA odpB     
 Lipids 2 acpP fabH     
 Nucleotides 1 carA      
 Amino acid synthesis 5 gltB ilvB ilvH trpA trpG  
 Cofactors 4 moeB preA thiG thiS   
 tRNA synthetase 3 syfB syh ycf62    
 Phycobilisome degradation 1 nblA      
Transport        
 Transport 6 cemA mntA mntB sufB sufC ycf38 
 Protein translocator 4 secA secG secY tatC   
Unknown        
 Conserved ORFs 13 ycf17 ycf19 ycf20 ycf23 ycf33 ycf34 
   ycf35 ycf46 ycf52 ycf54 ycf55 ycf60 
   ycf80      
 Unique ORFs 37 ORF30 ORF31 ORF32 ORF33 ORF34a ORF34b 
   ORF34c ORF34d ORF35 ORF36 ORF38 ORF39 
   ORF40a ORF40b ORF43a ORF43b ORF44 ORF45 
   ORF48 ORF50 ORF52 ORF53 ORF54 ORF55 
   ORF57a ORF57b ORF57c ORF61 ORF62 ORF65a 
   ORF65b ORF84 ORF91 ORF93 ORF144 ORF228 
   ORF770      
Total 224       
ORF????????????????????????????????
?????? 
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?2-3?P. purpureum???????????? 
Type 
???
? 
?????
? 
?? 
?? bp (maturase) 
???
? 
?????
? 
?? 
?? bp (maturase) 
Group I rpl28 int (rpl28) a 195       
int.a (ycf46) a, c 485  psbJ int (psbJ) a. b 218  
int.b (ycf46) a, c 637  ycf55 int (ycf55) a 200  
int.c (ycf46) a 204  rpoA int (rpoA) a, b 204  
int.d (ycf46) a 644  gltB int (gltB) a, b, c 2454 (mat1d) 
ycf46 
int.e (ycf46) a 435  ycf34 int (ycf34) a, b 284  
rpoZ int (rpoZ) a, b, c 612  int.a (psbN) a, b 225  
psaA int (psaA) a, b 257  
psbN 
int.b (psbN) a, b, c 521  
secG int (secG) a, c 605  preA int (preA) a, b, c 643  
int.a (ycf62) a 215  mntA int (mntA) a, b, c 1411  
int.b (ycf62) a, c 1001  ycf23 int (ycf23) a, b 771  ycf62 
int.c (ycf62) a 519  int.a (rpoC2) a, b, c 2505 (mat1e) 
ycf45 int (ycf45) a 342  
rpoC2 
int.b (rpoC2) a, b, c 1252  
rps3 int (rps3) a, b 214  rpoC1 int (rpoC1) a, b, c 660  
int.a (rps19) a, b 197  int.a (rpoB) a, b, c 2194  
rps19 
int.b (rps19) a, b 207  
rpoB 
int.b (rpoB) a, b, c 811  
rpl4 int (rpl4) a, b 241  tsf int (tsf) a, b 228  
int.a (dnaK) a, b, c 577  int.a (atpI) a, b, c 607  
dnaK 
int.b (dnaK) a, b 1779 (mat1b) 
atpI 
int.b (atpI) a, b, c 1255  
int.a (infC) a, b 202  atpG int (atpG) a, b, c 530  
int.b (infC) a 214  atpF int (atpF) a, b, c 650  
Group II 
infC 
int.c (infC) a, b, c 2397 (mat1c) dnaB int (dnaB) a, b, c 631  
?????a???????????????????????????? 
b?????EST???(Chan et al. 2011)?????????? 
c?RNAweasel??????????? 
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?2-4?P. purpureum???????tRNA?????? 
Second base First 
base U C A G 
Third 
base 
    U 
6427-6499 
Phe 
 61289-61208 
Tyr 
159711-159640 
Cys 
C 
159598-159515 76836-76921    A 
U 
12139-12220 
Leu 
 
Ser 
 
 
160459-160387 Trp G 
   49830-49903 U 
  172308-172380 
His 
 C 
107977-107896 129623-129696 172181-172110  A 
C 
 
Leu 
 
Pro 
 
Gln 
108223-108296 
Arg 
G 
    U 
208673-208600 61177-61106 148382-148453 
Asn 
19559-19469 
Ser 
C 
 
Ile 
143603-143531 205509-205437 27424-27496 A 
A 
*126118-126045, 
(I)114922-114837,     
19649-19577 
Met, 
Ile 
 
Thr 
 
Lys 
 
Arg 
G 
    U 
  161600-161527 
Asp 
19361-19290 C 
27334-27405 8249-8321 68423-68495 1868-1938 A 
G 
 
Val 
 
Ala 
 
Glu 
 
Gly 
G 
?????????tRNA?????????????????tRNAfMet(CAU)
????(I)?tRNAIle(CAU)???? 
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 ? 2-1?P. purpureum???????????? 
??? 2 ???? RNA ?????????? 2 ????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????????????????? 
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? 2-2???????? rRNA?????? 
2?? IR???????????SSC??????tRNA????????
?????????????????????????
44
 ? 2-3???????????????????????????????
? 
???? P. purpureum ????????????????????????
??????????????????????????????????
?? 
45
 ? 2-4???????????????????????????? 
??????????????????????????????????
??????????????????????????????????
????????????????????????accA, accB, accD, argB, 
ycf29? P. purpureum???????infB, petL, rps1, ycf33, ycf38?C. caldarium
????????leuC? leuD? G. tenuistipitata ????????????
????????????? 
46
 ? 2-5?int (rpl28)??????? 
??????????????????????????????????
????????? GU?????????? 
47
 
? 2-6?P. purpureum????????????? 5???????????
?????????? 
???????????(RT(0-7, 2a), X, Zn, 4/5 spacer, 7/X spacer)??
Zimmerly et al. (2001)?????????????????????YxDD?
??????? 
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? 2-7?P. purpureum?????????????????????????
?????????? 
??????????????????????????????????
??????????? 
49
 
? 2-8????? II????????? 
??????????????????????????????????
??????????????????????????????????
?????????? 
50
 
? 2-9?tRNA(CAU)??????????? 
C. caldarium?G. tenuistipitata?????tRNA(CAU)????????????
????????????????????????????????c??
?????????????????????????tRNA(CAU)?????
?????????????????tRNA(CAU)?????????????
???????????????????????????????????
c??????????????????????????? 
????????PmPU, Porphyridium purpureum; PPU, Porphyra purpurea; GTE, 
Gracilaria tenuistipitata; Parma, Triparma laevis; CME, Cyanidioschyzon merolae; 
CCA, Cyanidium caldarium; CPA, Cyanophora paradoxa; ATH, Arabidopsis 
thaliana; Spinach, Spinacia oleracea; PPT, Physcomitrella patens; CRE, 
Chlamydomonas reinhardtii; Ana, Anabaena sp. PCC 7120; Syn, Synechocystis sp. 
PCC 6803; Lim, Limnothrix sp. ABRG5-3???? 
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?2-10?????????????????????? 
????????????????????????2????????? 
?????????????????????????????????? 
P. purpureum ??????????????A. thaliana ? P. patens ? C. 
globosum? rps12??????????????????? 
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?3? 
???? Triparma laevis????? 
????????????? 
 
3.1. ??  
 
? ??????????????????????????? 2-5 µm???
?????????????????(Booth & Marchant 1987)???????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??? Triparma laevis??????(Ichinomiya et al. 2010)????????
?? 18S rRNA? rbcL????????????????????????
????????????????????????????????
(Ichinomiya et al. 2011)?????????????????????????
???????????????????????????(Guillou et al. 
1999, Lovejoy et al. 2006)????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????? 
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3.2. ?????  
 
3.2.1. ???????  
? 100 µM????? 100 µM???????? f/2??(Guilard and Ryther 
1962)??????5???100 µmol/m2 • s??? 14?????10?????
?????????(Ichinomiya et al. 2011)???????????????
??????????????????????????????????
?????????????????????????????? 
(NIES-2565)? 
 
3.2.2. ????  
2.2.2.??????????2.2.2.??????????? 
?STE: 50 ml? TE50/20? NaCl 0.29 g (0.1 M)??????????????
?????? 
 
3.2.3. DNA??  
? ?????????? 50 ml???????? 20 ml? STE??????
???????????????????????????????????
????????5%??N-??????????????????20 mg/ml
???????? K? 100 µl???50?? 1??????????????
???????20 mg/ml???????? K? 100 µl???50?? 16??
??????????????20 mg/ml???????? K? 100 µl???
50??1??????????????????30????????????
2?????????????????????????10???????
??4??8,400 g?5?????????????????????????
??????????????????????????????????
STE? 5 ml?????5?????????4??8,400 g?5???????
????????????????????????????? 10 ml??
????5?????????4??8,400 g?5?????????????
??????????????? 10 ml ????5 ?????????4??
8,400 g?5 ??????????????????????? 1?? 50 ml
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???????????????? CsCl ?????50?????????
CsCl?????????? 0.2 mg/ml????? 20 mg/ml EtBr??????
?? 5 ?? 50?????????????????? 25??315,000 g?18
???????????????? DNA ???????????????
???????????? CsCl/EtBr??????25??315,000 g?18??
??????DNA????????2.2.3.???? 2-??????? EtBr?
???TE???????????????? 268.2 ng/µl???? 
 
3.2.4. DNA????  
? 26.8 µg? DNA? 2.2.4.???????????????????????
?????????????????????????????? GenBank
??????(??????? accession number: AP014625, ????????
??? accession number: AP014626) 
 
3.2.5. ????????????????  
? ?????????????????? tRNA?rRNA ????????
2.2.5.???????????ncRNA ???(ffs?ssrA)??????????
???????????? (ffs ? tRNAPhe(GAA)? psbX ??? ssrA ?
tRNAArg(CCG)? tRNAIle(CAU)??)?ffs ???? tRNAPhe(GAA)? psbX ??
????????? ffs????????????????????????
?????? ffs????????????????ssrA?????????
????????????????? Clustal X ver. 2.0.9?????? 
? ?????????????? T. laevis?????????????3?
????16?????????1???????1????????1???
??????1??????????? 23???????????????
?????????????????????????? tblastn?????
??????????????????????????????????
?????????????????????????MetaGeneAnnotator
??????????????????????????????????
?????????? tblastn ?????????????????RNA ?
??????????????????????????????? RNA
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???????????? blastn ????????tRNA ????????
?? tRNAscan-SE??????DNA??????????????? SISEQ 
ver. 1.59??????????????? Artemis ver. 13.0?????? 
 
3.2.6. T. laevis ?????????????? 2???? psbA
?????  
? T. laevis?????????????? 2???? psbA????????
????Gclust ???????“CyanoClust4”??????????????
?????????? 2.2.5.????? 7 ??????????? P. 
purpureum???????????????????????????Muscle 
ver. 3.6?????LG????????????????????????
???? TREEFINDER ver. March 2011?????????Clustal X ver. 2.0.9
???? 2???? psbA??????????????? 
56
3.3. ??  
 
3.3.1. T. laevis???????????  
? T. laevis ?????????????????? Roche Diagnostics ??
genome sequencer FLX instrument????????? 
? ??????? 21?????????????????????????
??????????T. laevis??????????? 117,514 bp?GC??
31.7%???DNA???(? 3-1a)?2?? ncRNA???(ffs, ssrA)?6?? rRNA
???(2?? rrs?2?? rrl?2?? rrf)?29?? tRNA?????? 141?
??????????????????????(? 3-1?? 3-2)?????
?????????????? 2 ???? psbA ???????????(?
3-2)?T. laevis???????? rRNA??????2??????????
?????(? 2-2)? 
? ??????????? 1?????????????????????
??????????????????T. laevis?????????????
?? 39,580 bp?GC?? 30.4%??? DNA???(? 3-1b)?2?? rRNA?
??(rrs, rrl)?25?? tRNA?????? 37??????????????
?????????(? 3-3a?? 3-4)??????????????????
????????????????????? TGA ??? (Fox 1979, 
Oudot-Le Secq & Green 2011)??T. laevis????????????????
????????????????(? 3-3b)? 
 
3.3.2. ??????????????????????  
? 2.3.2.???????????????????????????????
????????????????(? 3-3)?T. laevis??????????
????????????????13 ?????????????????
bas1????(? 2-4)?????????????????????????
?????????(Glöckner et al. 2000, Ruck et al. 2014)?T. laevis????
???T. laevis ?????????????????????? chlB, chlL, 
chlN, rpoZ, ycf19???????????????????????????
????????????????(Lommer et al. 2010, Oudot-Le Secq et al. 
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2007, Ruck et al. 2014)???????????????????? petJ??
???T. laevis??????????????????????? petJ??
?????????T. laevis?? petJ?????????????????
???????????? 
? ????????????????????? serC??????????
??????????????????????????????????
?????????????????????? tyrC??????????
??????????????????????????????????
??????(Ruck et al. 2014)?ycf88, ycf89, ycf90???? 3???????
??????????????????????????????????
???????(Leptocylindrus danicus?? ycf88???????)?????
????????????????????????????????? 
 
3.3.3. ???????????????????  
? T. laevis ?????????????????????????????
??????(? 3-4)?T. laevis????????????????????
??????????????????????????????????
??????????????????? IR ?????????????
????(Ruck et al. 2014)???????????????????????
????????????????????????????? 
? IR????????????????????SSC??????????
??????????????????????????????????
?????T. laevis ?????????????????????????
????????(dnaK, rpl3, rpl4, rpl23, rpl2, rps19, rpl22, rps3, rpl16, rpl29, 
rps17, rpl14, rpl24, rpl5, rps8, rpl6, rpl18, rps5, secY, rpl36, rps13, rps11, rpoA, 
rpl13, rps9, rpl31, rps12, rps7, tufA, rps10)???????? 2???((rps16, 
rps4, tRNAHis(GUG), thiS, syfB, psbW, tRNAGln(UUG), tRNAArg(ACG), groEL)?
??(clpC, tRNACys(GCA), tRNALeu(UAA), ilvH)??)???????????
?? SSC???????????????T. laevis?? LSC???????
????????? 
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3.3.4. ?????????????  
? ??????????????????????(? 3-5)????????
???????????????????????????????????
????????? tRNA???????????????T. laevis????
???????????????????? nad11???????????
????????????????? N ?????????????
(Oudot-Le Secq & Green 2011)?T. laevis?????????????????
???????????????tRNAGly(UCC)?????????????
?????? 
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3.4. ??  
 
? Triparma laevis ??????????????????????????
??????????????????????????????????
???????????????????????????? 
? T. laevis ?????????????????????????????
?????????????????????????????????
bas1? petJ?????????????????????????????
??????? ycf88, ycf89, ycf90??????????????? T. laevis
????????????????????T. laevis???????? 2?
???? psbA?????????????????T. laevis???????
???? psbA????????????????????????????
????????????? 
? ?????????????T. laevis ????????????????
??????????????????????????????????
???????????????????T. laevis ???????????
??????????????????????????????????
????????????T. laevis ??????????????????
??????????????????????? 2??????????
?????? SSC???????????????T. laevis?? LSC???
??????????????????????????????????
??????T. laevis ????????????????????????
??????????????????????????????????
?????????????????????????????? 
? ??????????????????????????T. laevis ???
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????????????(Oudot-Le 
Secq & Green 2011)?T. laevis?????????????????????
??????????????????????????????????
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??????????????????????????????????
?????????T. laevis ?????????????????????
????????????????????????????????? 
? T. laevis???????? IR????rRNA?????????????
(ORF50, ORF51)? N?????????????????????????
???????????????????????????????????
???????????????????????????????? 
? ?????????????????????????????????
????????????T. laevis ??????????????????
??????????????????????????????????
??T. laevis ????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????? T. laevis???????????
??????????????????????????????????
??? 
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? 3-1?T. laevis?????????????????????????? 
??? ????? ????? ? ? ? ? ?
Transcription & replication? ? ? ? ? ? ?
? Helicase? 1? dnaB? ? ? ? ? ?
? RNA polymerase? 5? rpoA? rpoB? rpoC1? rpoC2? rpoZ? ?
? Transcription? 1? rbcR? ? ? ? ? ?
? Chaperone? 5? clpC? dnaK? groEL? ycf39? ycf45? ?
? Protease? 1? ftsH? ? ? ? ? ?
Translation? ? ? ? ? ? ? ?
? Translation? 2? tsf? tufA? ? ? ? ?
? Ribosomal protein? 26? rpl1? rpl2? rpl3? rpl4? rpl5? rpl6?
? ? ? rpl11? rpl12? rpl13? rpl14? rpl16? rpl18?
? ? ? rpl19? rpl20? rpl21? rpl22? rpl23? rpl24?
? ? ? rpl27? rpl29? rpl31? rpl32? rpl33? rpl34?
? ? ? rpl35? rpl36? ? ? ? ?
? ? 18? rps2? rps3? rps4? rps5? rps6? rps7?
? ? ? rps8? rps9? rps10? rps11? rps12? rps13?
? ? ? rps14? rps16? rps17? rps18? rps19? rps20?
Photosynthesis? ? ? ? ? ? ? ?
? Cytochrome complex? 9? ccsA? ccs1? petA? petB? petD? petG?
? ? ? petL? petM? petN? ? ? ?
? Carbon fixation? 3? cbbX? rbcL? rbcS? ? ? ?
? Redox system? 1? petF? ? ? ? ? ?
? Chlorophyll biosynthesis? 4? chlB? chlI? chlL? chlN? ? ?
? ATP synthase? 8? atpA? atpB? atpD? atpE? atpF? atpG?
? ? ? atpH? atpI? ? ? ? ?
Photosystem? ? ? ? ? ? ? ?
? Photosystem I? 12? psaA? psaB? psaC? psaD? psaE? psaF?
? ? ? psaI? psaJ? psaL? psaM? ycf3? ycf4?
? Photosystem II? 20? psbA? psbA2? psbB? psbC? psbD? psbE?
? ? ? psbF? psbH? psbI? psbJ? psbK? psbL?
? ? ? psbN? psbT? psbV? psbW? psbX? psbY?
? ? ? psbZ? ycf12? ? ? ? ?
Metabolism? ? ? ? ? ? ? ?
? Lipids? 1? acpP? ? ? ? ? ?
? Amino acid synthesis? 2? ilvB? ilvH? ? ? ? ?
? Cofactors? 2? thiG? thiS? ? ? ? ?
? tRNA synthetase? 1? syfB? ? ? ? ? ?
Transport? ? ? ? ? ? ? ?
? Transport? 2? sufB? sufC? ? ? ? ?
? Protein translocator? 4? secA? secG? secY? tatC? ? ?
Unknown? ? ? ? ? ? ? ?
? Conserved ORFs? 6? ycf19? ycf33? ycf35? ycf41? ycf46? ycf66?
? Unique ORFs? 7? ORF211? ORF51? ORF4
5?
ORF32? ORF79? ORF35?
? ? ? ORF50? ? ? ? ? ?
Total? 141? ? ? ? ? ? ?
ORF????????????????????????????????
?????? 
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? 3-2?T. laevis??????? tRNA?????? 
Second base First 
base U C A G 
Third 
base 
?  ?  ?  ?  U 
97067-97139 
Phe 
?  76791-76872 
Tyr 
16644-16574 
Cys 
C 
16514-16428 14307-14394 ?  ?  ?  ?  A 
U 
?  
Leu 
?  
Ser 
?  ?  98596-98668 Trp G 
?  ?  ?  38102-38175 U 
?  ?  41203-41275 
His 
?  C 
6519-6438 54877-54950 38231-38302 ?  A 
C 
?  
Leu 
?  
Pro 
?  
Gln 
95624-95552 
Arg 
G 
?  ?  ?  ?  U 
10283-10210, 
105314-105387 
?  113142-113213 
Asn 
74407-74321 
Ser 
C 
?  
Ile 
77582-77510 52794-52865 78309-78237 A A 
*13685-13758, 
74518-74446, 
(I)95192-95108 
Met, 
Ile 
?  
Thr 
?  
Lys 
?  
Arg 
G 
?  ?  ?  ?  U 
?  ?  74251-74178 
Asp 
52154-52083 C 
76684-76613 
10207-10135, 
105390-105462 
52959-53031 47058-47128 A 
G 
?  
Val 
?  
Ala 
?  
Glu 
?  
Gly 
G 
????????? tRNA ?????????????????
tRNAfMet(CAU)????(I)? tRNAIle(CAU)???? 
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? 3-3?T. laevis????????????????????????? 
a:????????????? 
?? ???? ????      
Translation        
 Ribosomal protein 5 rpl2 rpl5 rpl6 rpl14 rpl16  
  11 rps2 rps3 rps4 rps7 rps8 rps10 
   rps11 rps12 rps13 rps14 rps19  
NADH dehydrogenase        
 NADH dehydrogenase subunit 10 nad1 nad2 nad3 nad4 nad4L nad5 
   nad6 nad7 nad9 nad11   
ATPase        
 ATPase subunit 3 atp6 atp8 atp9    
Cytochrome        
 Cytochrome b 1 cob      
 Cytochrome oxidase subunit 3 cox1 cox2 cox3    
Transport        
 Protein translocator 1 tatC      
Unknown        
 Unique ORFs 3 ORF61 ORF159 ORF277    
Total 37 ?  ?  ?  ?  ?  ?  
ORF????????????????????????????????
?????? 
 
b: ???????????????????? 
  ???? 
ATG 35 
????? 
TTG 2 
TAA 35 
????? 
TAG 2 
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? 3-4?T. laevis??????????? tRNA?????? 
Second base First 
base U C A G 
Third 
base 
?  ?  ?  ?  U 
26198-26126 
Phe 
?  26296-26214 
Tyr 
8913-8841 
Cys 
C 
7740-7659 5169-5085 ?  ?  ?  ?  A 
U 
?  
Leu 
?  
Ser 
?  ?  10353-10425 Trp G 
?  ?  ?  ?  U 
?  ?  4073-4001 
His 
?  C 
7635-7554 35520-35593 22357-22286 6252-6325 A 
C 
?  
Leu 
?  
Pro 
?  
Gln 
?  
Arg 
G 
?  ?  ?  ?  U 
11596-11523 ?  22460-22388 
Asn 
9019-9106 
Ser 
C 
?  
Ile 
?  3974-3902 4151-4078 A 
A 
8924-8997, 
(I)10589-10660, 
*36135-36209 
Met, 
Ile 
?  
Thr 
?  
Lys 
?  
Arg 
G 
?  ?  ?  ?  U 
?  ?  33310-33383 
Asp 
5269-5198 C 
3396-3468 17067-16995 15480-15409 13195-13125 A 
G 
?  
Val 
?  
Ala 
?  
Glu 
?  
Gly 
G 
????????? tRNA ?????????????????
tRNAfMet(CAU)????(I)? tRNAIle(CAU)???? 
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? 3-5????????????????????? 
 ???? ?? ????? ?? ???? ???? 
???? 1 3 2 6 1 1 
rrn5 — — ? ? — — 
tRNAGly(GCC) ? ? ? ? — — 
tRNAGly(UCC) ? — ? — ? ? 
tRNAIle(AAU) — — — — — ? 
tRNALeu(CAA) — — — ? — — 
tRNAArg(UCG) ? ? ? — — — 
trnT — — — — — — 
rpl31 — — — ? — — 
rpl5 ? ? ? ? — — 
rps11 ? ? ? ? — ? 
tatC ? ? ? ? ? — 
cox2 in-frame 
insertion 
— — — ? 
(D. dichotoma??) 
— — 
nad11 ?? *?? ?? N?? ?? ?? 
*Phaeodactylum tricornutum???N ????? C??????????
2????????????????? 
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? 3-1?T. laevis??????????????(????) 
??? 2 ???? RNA ?????????? 2 ????????????
??????????????????????????????????
??????????????????????????????????
?????????????????? 
a:???????????? 
b:???????????????? 
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? 3-2?T. laevis?????????????? 2???? psbA?????
???????????(????) 
a:psbA??????? 
??????????????????????????????????
??????????? 
b: 2???? psbA??????????? 
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 ? 3-3???????????????????????????????
???????????????????????????? 
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????????? 
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? 3-4??????????????????? 
?????? 5-1b???????????????????????????
??????????????????????????????????
??????rRNA ?????????????????????????
?????????????????? SSC??????????????
??????????????????????? 4??????????
????????????????????????IR?????????
?????????? 2??????????? 
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? 4? 
???????? Limnothrix sp. ABRG5-3? 
????? 
 
4.1. ??  
 
? Limnothrix ???????????????????????????
ABRG5-3 ??????????????????????(Nishizawa et al. 
2010)???????????? 4 µm??? 2 µm????????????
??????????????????????????????????
?????????????Limnothrix sp. ABRG5-3??????????
Anabaena sp. PCC 7120? Synechocystis sp. PCC 6803???????????
??????????????????????(Nishizawa et al. 2010)???
???????????????????????????????
(Kitazaki et al. 2013)? 
? ?????????????????????????????????
???????????????????????????(Shih et al. 2013)?
Limnothrix ??????? Pseudanabaena ???????????????
?????????????????????????????????? 
? ????? Limnothrix sp. ABRG5-3?????????????????
??????????????????????????????????
?????????? 
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4.2. ?????  
 
4.2.1. ???????  
? Limnothrix sp. ABRG5-3???????????????????????
? BG11??(Rippka et al. 1979)???????? 30????? 30 µmol/m2 • s
??????????????????????????1%? CO2????
????????????? 
 
4.2.2. ????  
2.2.2.??????????2.2.2.??????????? 
?SE buffer: NaCl 1.75 g (0.12 M)?0.5 M EDTA 25 ml (50 mM)???????
??250 ml??????????????? 
?Lysis buffer: sucrose 2.5 g?1.0 M Tris-HCl (pH 8.0) 0.5 ml (50 mM)?0.5 M EDTA 
2 ml (0.1 M)?lysozyme 20 mg?????????10 ml?????????
?????? 
?10%???????: 10 g? N-???????????????????
???????100 ml??????????????? 
?5 M NaCl???: NaCl 2.9 g?????????10 ml?????????
?????? 
 
4.2.3. DNA??  
? ??????? 10 ml? SE buffer?????8,400 g? 2????????
?? 20 ml? Lysis buffer????????37?? 60??????????
??1 ml? 10%???????? 200 µl? 20 mg/ml??????? K??
??50?? 2??????????????? 200 µl? 20 mg/ml?????
?? K????50??????????????350 µl? 5 M NaCl???
???????????????????? 10 ml???????????
4??8,400 g?10?????????????????? 10 ml?????
????4??8,400 g?2?????????? 3.2.3.??????????
??? DNA ???????2-???????????? DNA ??????
??????????????? 6?????? 
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4.2.4. DNA????  
? 2.2.4.???????????????????????????????
????Limnothrix sp. ABRG5-3 ???????????? Illumina ??
Genome analyser II??????????????????????????
?????????????? 
 
4.2.5. ????????????????  
? 2.2.5.????????????????????????
MetaGeneAnnotator??????MetaGeneAnnotator????????????
??????????????????????????????????
?????????????????? tRNA???? rRNA ??????
??????????????????????????????NCBI ?
??????????????? blastp????????????????
???????????????Limnothrix sp. ABRG5-3??? 66????
?????????? 16 ?????????????? CyanoClust ???
??????????????????????????????????
???????????????????????????????
Limnothrix sp. ABRG5-3 ???????????????????????
??????????????????????????????
CyanoClust ?????????????????????????????
????Limnothrix sp. ABRG5-3????????? tblastn????????
??????????????????????????????????
??????????????????????????????????
???? 4-4 ????????????????????????????
????????????? tRNA ???????? 2.2.5.????
tRNAscan-SE ????????? RNA ????????????????
??????????????????Limnothrix sp. ABRG5-3??????
??? blastn???????????CRISPR-Cas??????CRISPRFinder 
(Grissa et al. 2007)??????DNA??????????????? SISEQ 
ver. 1.59??????????????? Artemis ver. 13.0?????? 
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4.2.6. ???????????????  
?????????21??????????? 2????????????
????????????????????? nifB?nifD?nifE?nifH?nifK?
nifN?nifS?nifT?nifU?nifV?nifW?nifX?nifZ?d34(????? d?????
?????? 1 bp????? 34???????????)????????
??????????????????????????????????
???????? LG???????????????? TREEFINDER ver. 
March 2011?????? 
 
4.2.7. ?????????????  
? ?????????16S rRNA????????????????????
????????????????? 
? ?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????66???????????????????????? 31
????????????????????????????????
SISEQ ver. 1.59????????????????ClustalW/ClustalX ver. 1.8.3?
????Muscle ver. 3.6???????????????????????
????????????? TREEFINDER ver. March 2011????????
?????????? ProtTest ver. 2.4 (Abascal et al. 2005)?????LG??
???????????? LG?????????????????WAG?
?????????????? MrBayes ver. 3.2.1 (Ronquist & Huelsenbeck 
2003)??????2 ????????100 ?????? 200 ???????
????????? 2000????? burn-in???????? 
? 16S rRNA??????????????? Limnothrix sp. ABRG5-3???
????????? 16S rRNA???????? Ribosomal Database Project 
(RDP) (Cole et al. 2014)????????RDP?? 16S rRNA???????
?? 16S rRNA???????????????????????????
??????????????????????????????????
??????? Limnothrix sp. ABRG5-3? 16S rRNA???????????
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??????????????????????????????????
?? ClustalX ver. 2.0.9????????????????????????
?????????????????????? TREEFINDER ver. June 2008
???????????????? TREEFINDER????GTR+G+I???
?????????????????? MEGA ver. 6.06 (Tamura et al. 2013)
?????????? Maximum Composite Likelihood?????? Uniform?
????? Heterogeneous ??????????????????????
??????????? pairwise deletion????? 
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4.3. ??  
 
4.3.1. Limnothrix sp. ABRG5-3??????  
? Limnothrix sp. ABRG5-3????? Roche Diagnostics?? genome sequencer 
FLX instrument??? Illumina?? Genome analyser II????????? 
? ??????????????? 223????????????????
???????????????????Limnothrix sp. ABRG5-3?????
?????? 4,796,642 bp?GC?? 43.2%??? DNA????4?? ncRNA
???(rnpB?ssaA?ffs?cyanobacterial functional RNA)?9?? rRNA???
(3?? rrs?3?? rrl?3?? rrf)?52?? tRNA?????? 4,318???
?????????????????????7 ????????????
??????(? 4-1?? 4-2)? 
 
4.3.2. ?????????????  
? Limnothrix sp. ABRG5-3 ??????????????????????
?????blastp???????????????????? 67?????
?? 16??? 83????? Gclust??????????????????
???????????????????????????????(? 4-3)?
???? 3?? 1? hypothetical protein?????88??????????
???????????Limnothrix sp. ABRG5-3?????????????
??????????????????????????????????
??????? gas vesicle (Walsby 1994)????????????????
?????????????Limnothrix sp. ABRG5-3???????????
??Type IV pili????? twitching motility??????????????
??????????(Maruriello et al. 2010)???????????????
????????????????? gliding motility??????????
??(Cozy & Callahan 2014, Risser et al. 2014, Risser & Meeks 2013)?????
??????????????? 
 
4.3.3. ??????????????????  
? 7 ????????????????????????????????
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??(? 4-1?? 4-3)????????????????? parA-parB ???
??????? g??????????????????????????
???? g ?? parB ?????????parA ?????????????
???????? a?????? b???? 30?????????????
??????? hypothetical protein ??????????????????
??????????????????? a??????????????
??????????????????????? TPR?????????
???????????????????? b?????? c??????
??????????????????????? b??????????
????????????????????????? c????????
???????? ABC transporter?????????????? d????
???????????????????????????(? 4-1)????
??????????????????????????????????
? Leptolyngbya boryana dg5??????????????????(? 4-2) 
(Tsujimoto et al. 2014)?????????????????????????
? cnfR?????????????????????nifE? nifN?????
??????????????????nifEN ?????(? 4-3)?????
????? Trichodesmium erythraeum IMS101 ? Chroococcidiopsis thermalis 
PCC 7203??????????????????????????????
??????????????????????????????????
??????????????????????????????????
???? Limnothrix sp. ABRG5-3???????????????????
??????????????????? Pseudanabaena sp. PCC 6802??
?Cyanothece sp. PCC 7425? Leptolyngbya boryana dg5??????????
(? 4-4)?????? e ?????????????????????
CRISPR-Cas?????????(? 4-5)???????CRISPR??????
?????? 3 ??????????Cas ???????????????
?????????? e? CRISPR??????????? 37 bp????
???? 74??????????????? f?????????????
??(plasmid maintenance system antidote protein?plasmid maintenance system 
killer protein)????????????????????????????
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???? g? parA? 1?? ATPase??? hypothetical protein???? 
 
4.3.4. ???????????  
? Limnothrix sp. ABRG5-3???????????? 65?????????
??????(? 4-4)?????????????????????????
?????????????(? 4-6)??????????????????
???????????????????????Prochlorococcus/ 
Synechococcus ???????????????????????????
??????????????????????????????????
??? 6 Mbp???????????? tRNA??????? 45?????
??????????????????????????????????
???????????????????????? tRNA ???????
???????????????Limnothrix sp. ABRG5-3??tRNA????
?????????????????????????(? 4.8 Mbp)????
???????? tRNA ???(52 ?)?????????????????
????? rRNA?????????????????????????? 
 
4.3.5. ?????????????  
? Limnothrix sp. ABRG5-3? 65???????????????16S rRNA?
??????????????????????????????? 31??
?????????????????????????????(? 4-7)? 
? ????????????????????????Limnothrix sp. 
ABRG5-3? Synechococcus sp. PCC 7502? Pseudanabaena sp. PCC 7367? 1
???????????????????????? 1?????????
?????? 
? 16S rRNA????????????Limnothrix sp. ABRG5-3??????
Geitlerinema sp. PCC 7407? Prochlorococcus/Synechococcus????????
????????? Synechocystis sp. PCC 6803 ? Cyanothece ???
Synechococcus sp. PCC 7002??????????????????????
??????????????????????????????????
??????????????????????????????????
80
???????????????????????16S rRNA???????
???????????????????????? 
? ?????????????????????????????????
?????????????????????????????? 4???
???????(? 4-4?? 4-7a)?Prochlorococcus/Synechococcus ?????
? A2 ???????????????????????????????
???????????? 
 
4.3.6. ????????????????????????
??????  
? ??????????????Gclust????????????????
????????????????????????Prochlorococcus/ 
Synechococcus?????(? 4-4?A2)?????????????????
??A ????? A2 ????????????????????????
??????????????????????????????????
?????????????????????A???????? 9???
??(36 ???)???????????????????????????
??????????????????????????????????
(? ? ? ?)??1?????? 1????????????????????
(? 4-5)? 
? 911 ???????????????????????????????
??????B?????????????????????? 176???
?? B??????????????????????? 50????? 
? ?????????????????????????????????
????????? Limnothrix sp. ABRG5-3???????????????
???????????????????????? 911?????????
Limnothrix sp. ABRG5-3????? 1489??????ID205???????
?????????????????????ID105?ID106?ID107?ID201?
ID202?ID204????????????????????????????
?????????????????Type IV pili????? twitching motility
??????????????????????????????????
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?????(ID304)?ID305???????? B?????????????
????B, C, D??????????????? ID103?????????
?????????????ID203 ??????????????????
?????????Limnothrix sp. ABRG5-3? 589?????? 1?????
? 1???????????(unique)???????? ID401? 311????? 
 
4.3.7. ???????????? rRNA????  
? 2.3.1.????????????????? rRNA???????????
(? 4-8)???? 16S rRNA????tRNAIle(GAU)????tRNAAla(UGC)??
??23S rRNA????5S rRNA???????????????????
Synechocystis sp. PCC 6803?????16S rRNA???? 23S rRNA????
?? tRNAIle(GAU)???????????????Crinalium epipsammum 
PCC 9333???? 16S rRNA???? 23S rRNA?????? tRNA???
??????????????Oscillatoria acuminata PCC 6304? Microcoleus 
sp. PCC 7113?????16S rRNA???? 23S rRNA?????? tRNA?
????? rRNA???????? rRNA???????????????
???Trichodesmium erythraeum IMS101?? 5S rRNA???? rRNA???
?????????????????T. erythraeum IMS101????????
???rRNA??????????? 5S rRNA?????????????
???????????????Limnothrix sp. ABRG5-3? 3?? rRNA??
??????1 ???? 2 ????????????Synechococcus sp. PCC 
7502? Pseudanabaena sp. PCC 7367???????? 2?? rRNA????
?????????? rRNA?????????????????????
??????????????????????????????????
???????? 
 
4.3.8. ????????????????????????
???  
? 2.3.5.????????????????????????????(? 4-9)?
????????????????????????Escherichia coli str. K-12
? Bacillus subtilis subsp. subtilis str. 168?????????????????
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? rpsE ? rplO ????? rpmD ???????????????????
??????rpsJ?????????????? tufA??????????
????????? rplC ????????rpsD ? rpsN ? Gloeobacter 
violaceus PCC 7421? E. coli?????????????????????
??????????(B. subtilis? rpsN??)??????????????
?????????????????????????????????C
????? B. subtilis?? adk? infA????? map??????????
??????????????????????????????????
????????????????? 2?????????????A??
???? rplC-rpmE ????? 1???????????????????
????Microcoleus sp. PCC 7113? infA? 2??????????????
Acaryochloris marina MBIC11017 ? infA ? rpmJ ???????????
rpsL-rpsJ? rplC-rpmE??????????????????????A?
????? adk? rpmJ????? infA?A2??????????????
??????????????????C????? A. marina MBIC11017
???? infA? rpmJ???????????B??????????? rpmJ
? rpsM?rpsI? rpmE??????????? Synechococcus sp. PCC 7502?
Limnothrix sp. ABRG5-3?? tufA? rpsJ???????????G. violaceus 
PCC 7421? rplW? rplB?rpsS? rplV?rplO? secY?adk? infA?infA? rpmJ?
truA ? rplM ????????????????????????????
??????? 
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4.4. ??  
 
? Limnothrix sp. ABRG5-3???????????????????????
??????????????????????????????????? 
? ??????????????????Limnothrix sp. ABRG5-3?????
??Type IV pili??? twitching motility????????????????? 
? Limnothrix sp. ABRG5-3????????????????? 7????
?????????? d???????????????????????
???????????????? d??phage tail protein????????
??????????????????????????????????
? II (Wolk et al. 2004)???? psbA?????????????(? 4-1)??
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????? 
? ????????????????????B ????????????
?????????16S rRNA?????????????????????
????????16S rRNA???????????A. marina MBIC11017?
Cyanothece sp. PCC 7425??????????16S rRNA?????????
????????Prochlorococcus/Synechococcus?????????????
??????????????????(Falcón et al. 2010, Shih et al. 2013, 
Urbach et al. 1992)??????????????????????????
??????????????????????????????????
??????????????????? 
? rRNA ??????????????????????????????
??rRNA ?????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????? rRNA???????????
??????????????????16S rRNA???? 23S rRNA???
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??? tRNA????????????? 16S rRNA???? 23S rRNA??
??????????????????????????????????
????????????????? 
? rRNA ?????????????A ????????????????
????????????????????A. marina MBIC11017? E. coli?
B, C, D?????????infA? rpmJ??????????????A2?
???? infA ???????????????????A2 ???????
???????????? adk? infA? rpmJ????????? infA??
???????adk? rpmJ??????????????????????
??? 
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? 4-1?Limnothrix sp. ABRG5-3???????????????????? 
? ???? (bp)? ?????? tRNA? rRNA? ncRNA?
??????? 4,796,642? 4,318? 52? 9? 4?
????? a? 214,764? 137? 0? 0? 0?
????? b? 152,084? 126? 0? 0? 0?
????? c? 134,662? 125? 0? 0? 0?
????? d? 125,503? 109? 0? 0? 0?
????? e? 111,135? 99? 0? 0? 0?
????? f? 110,608? 53? 0? 0? 0?
????? g? 12,574? 17? 0? 0? 0?
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? 4-2?Limnothrix sp. ABRG5-3??????? tRNA?????? 
Second base First 
base U C A G 
Third 
base 
?  ?  ?  ?  U 
3032664-3032591, 
3590338-3590266 
Phe 
894039-893953 4063886-4063805 
Tyr 
2077255-2077185 
Cys 
C 
2299134-2299216 1536928-1537012 ?  ?  ?  ?  A 
U 
1836107-1836190 
Leu 
1186871-1186957 
Ser 
?  ?  3650766-3650694 Trp G 
?  ?  ?  999028-999101 U 
3936561-3936481 3420900-3420973 1420975-1420902 
His 
?  C 
2688430-2688510, 
3032456-3032384 
3032342-3032271, 
4330975-4331048 
2629647-2629576 ?  A 
C 
2284798-2284717 
Leu 
?  
Pro 
?  
Gln 
808955-809028 
Arg 
G 
?  ?  ?  ?  U 
847392-847465, 
4563343-4563270, 
4794737-4794664 
732064-732135 
1431137-1431066, 
3032541-3032469 
Asn 
4556379-4556288 
Ser 
C 
?  
Ile 
3031987-3031915, 
4033735-4033807 
1456616-1456687 
2116089-2116162, 
3031255-3031184 
A A 
(I)2607838-2607767, 
*3032199-3032126, 
*3794699-3794772, 
4170381-4170308 
Met, 
Ile 
4251019-4250948 
Thr 
682956-683027 
Lys 
2006981-2007054 
Arg 
G 
?  ?  ?  ?  U 
2085948-2085875 1345641-1345569 4157587-4157660 
Asp 
3434401-3434472 C 
1478640-1478568 
847516-847588, 
4563219-4563147, 
4794613-4794541 
1985210-1985282, 
1985373-1985445 
792653-792723 A 
G 
?  
Val 
2893485-2893413 
Ala 
?  
Glu 
?  
Gly 
G 
????????? tRNA ?????????????????
tRNAfMet(CAU)????(I)? tRNAIle(CAU)???? 
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? 4-3?Limnothrix sp. ABRG5-3???????????????????? 
????????
ID? ?????
???
???? a b c d e f g ???
101 ?????? 55 11 4 1 1 0 3 0 75 
102 ??? 24 2 1 1 0 1 1 0 30 
103 ????????????????????? 221 21 9 4 2 14 1 0 272 
104 ??? 128 2 5 6 4 5 1 0 151 
105 ????????? 140 1 0 0 0 0 0 0 141 
106 ??? ??? 41 0 0 0 1 0 0 0 42 
107 ??????? 23 0 0 1 0 0 0 0 24 
108 ?????? 87 5 0 4 0 1 1 0 98 
109 ????? 92 2 4 1 1 2 2 0 104 
110 ??????? 359 8 7 5 7 6 2 0 394 
111 ????????????? 99 1 1 6 2 1 0 0 110 
201 ???? 63 0 0 0 1 0 0 0 64 
202 ??? 29 0 0 0 0 1 0 0 30 
203 ???????? 16 0 0 0 0 0 0 0 16 
204 ????? 17 0 0 0 0 0 0 0 17 
205 ATP ???? 11 0 0 0 0 0 0 0 11 
206 ??????? 131 3 1 1 0 1 2 0 139 
207 ????? 78 1 1 2 3 7 12 0 104 
208 ????????????????????? 106 0 0 0 1 0 0 0 107 
209 ????????? 30 0 1 4 1 0 0 0 36 
210 ?????????? 176 0 1 9 20 2 1 0 209 
211 ????? 53 1 1 2 2 0 1 0 60 
212 ?????? 129 0 3 0 3 1 0 0 136 
213 ??????? 188 2 7 4 1 2 4 1 209 
301 ?????? 125 2 3 4 2 0 5 0 141 
302 ????? 27 2 2 2 2 3 2 1 41 
303 ????? 304 0 14 27 6 19 1 0 371 
304 ??? 20 0 0 0 0 0 0 0 20 
305 gas vesicle protein 9 0 0 0 0 0 0 0 9 
400 ???? 114 15 1 4 17 1 3 0 155 
401 hypothetical protein 1,423 58 60 37 32 32 11 15 1,668 
??? 4,318 137 126 125 109 99 53 17 4,984 
100?????????????????200???????????300?
???????????????????? 
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 ? 4-1?????? d???????????????????? 
??????????????????????????????????
??????????????????????????????????
?????????? 
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 ? 4-2???????????????? 
??????????????????????????????????
???????????????????? 4-1 ???????????
Cyanothece sp. PCC 7425???????????????????????
??????????????????? 
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? 4-3?nifEN??? 
??? nifEN??????????????????? nifE??? nifN??
????????????????????N?????????????
?? nifE????????C????????????? nifN??????
???????????????????????????? 
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? 4-4???????????????? 
????????????? 14 ???????????????????
??????????????????????????????????
?????????????? 
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? 4-5?????? e???? CRISPR-Cas? 
??????????????????????????????????
??????Cas??????????????????? 
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? 4-6???????????? 
(??)?????????????????????????? 
(??)????????????? tRNA???????? 
(??)????????????? rRNA????????? 
???? Limnothrix sp. ABRG5-3?????????????? 
? 4-7?? 4-8?? 4-9????????????????????????
????? 
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100
? 4-7?????????????(????) 
? 4-4 ???????????????????????????????
??????? 
a:????????????????????? 
?????????????? 31 ??????????(atpA, atpB, atpE, 
atpH, petA, petB, petD, psaA, psaB, psaC, psbB, psbC, psbE, rplB, rplN, rplP, rplT, 
rpoA, rpoB, rpoC1, rpsB, rpsC, rpsD, rpsG, rpsH, rpsK, rpsL, rpsN, rpsS, ycf3, 
ycf4)????????????????????????????????
??????????????????????????????????
??????????? 100%????????????????????
?? 73???? 
b:16S rRNA??????????????? 
??????????????????????????????????
???????/???????????????????????????
??????????????????????????????????
????????????????? 16S rRNA????????????
??????????????????????????????????
????????RDP???????????????????? 
101
 
? 4-8????????????? rRNA?????? 
????? 4-7a??????rRNA???????????????????
rRNA???????????????? rRNA???????????(?
?? kbp)?????????????? 4-4? A???????? A2??
?????? B ???????? C ???????? D ????????
???? 
102
 103
? 4-9???????????????????????????????
(????) 
????? 4-7a???????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????(??? kbp)????????????
?? 4-4? A???????? A2???????? B???????? C
???????? D???????????? 
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? 5? 
??????? 
 
5.1. ??  
 
? ?2????4???????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????16S rRNA???????????
??????????????????????????????????
???????????????????????????????????
??????????????? α-??????????????????
???????????????????????????????????
????????? 
105
5.2. ?????  
 
5.2.1. ????  
? ????????????? 16S rRNA???????????????
?????????????????????? 
? ??????????????????????????????????
2???????????????????????????????1??
5????? 24??????????????????????? 19 ??
?????????????????????? 64 ??????????
?????????????????????????? 1?? 6????
?????1????????5????? 24?????????????
?????????? 19???????????????????????
? 33 ???????????????????????????????
????? 
? ??????????????????????4 ??????????
?????????????????????1??? 13????????
??????????????? 5?? α-???????????????
???????? 29 ????????????????????????
????????????2??? 6?????????2????????
3?????1 ????????1??????? 13 ??????????
????????????? 5?? α-?????????????????
?????? 15 ??????????????????????????
??????????2 ??????????????? 1 ???????
??????????????????????????????????
??????????????????????????????????
?????????????????????????? 75???????
?????(Atp8?Atp9)???????? 
? 16S rRNA??????????6?????????1????????5
????? 24??????????????????????? 19???
??????????????????????????RDP??????
?? 16S rRNA???????? RDP?????????????????
106
???? NCBI??????????? 16S rRNA???????????
????????????RDP????????????????????
???????????????NCBI??????????? 16S rRNA?
??????????????????????????????????
??????????????????????????????????
???????????????? 
? ??????????????????? 4.2.7.???????????
???????????? 
? 16S rRNA????????????? 4.2.7.?????????????
????????????????????? 
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5.3. ??  
 
5.3.1. ???????????  
? ?????????????????????????????????
??????????????????????????????????
????????? 33 ???????????????????????
???????????????(? 5-1a)???????????????
??????????????????????????????????
??????????????????????????????????
?? 64???????????????????????????????
???????(? 5-1b)???????????????????????
?????????????(RbcL?RbcS?Rpl36)?????(Delwiche & 
Palmer 1996?Rice & Palmer 2006)????Qiu et al. (2012)?????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????(PsbA?PsbD)????????
?? 75 ????????????(PsbF?PsbH?PsbJ?PsbK?PsbN?PsbT?
Rpl31?Rpl33?Rps18)????????????????????????
??????????????????????????(Tajima et al. 2014)?
???????????????????????????????????
?????????????????? Yoon et al. (2006)? Verbruggen et al. 
(2010)???????????????????????????????
????Limnothrix sp. ABRG5-3? Pseudanabaena sp. PCC 7367???????
??????????????????????????????????
??????????????????????????????????
????????????????? 4????? A??????????
??????????????????????????????????
?????????T. erythraeum IMS101????????????????
??????????????????????????????????
(? 4-7 a)?????????? 
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? ?????????????????????????????????
?? 16S rRNA??????????????(? 5-2)??????????
??????????????????????????????????
??????????????????????????????????
???????????????????????? 16S rRNA?????
?????(? 4-7b)?????????????? Limnothrix sp. ABRG5-3
? Pseudanabaena sp. PCC 7367???????????????????? 2
??????????????????????????Triparma laevis ?
??????????????????????????????????
??????????????????????????????????
???????????????????????????16S rRNA???
???????????????????????????? 
 
5.3.2. ???????????????  
? ?????????????????????????????????
??????????????????? α-?????????????
?????????? 29 ??????????????????????
????????????????(? 5-3a)??????????????
??????????????????????????????????
???????????????????? α-????????????
???????????? 15 ????????????????????
??????????????????(? 5-3b(ii))???????????
???????? 1?????????????????????????
?????????(? 5-3b(iii))??????????????????(?
5-3b(i))??????????????????????????α-????
??????????????????????????????????
??????????????????????????????????
???????????????????????????????????
??????????????????????????????????
?????????????? 1???????????????????
??????????????????????????????????
109
????????????????????????? 1????????
??????????????????????????????????
??????????????????????? 2??????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????Nephroselmis olivacea? Mesostigma viride?????????
?????? 
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5.4. ??  
 
? ?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????(Fistulifera sp.? Phaeodactylum tricornutum???
??????Didymosphenia geminata????????)?????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????????(Oudot-Le Secq et al. 
2006)????????????????????????????????
??????????????????????????????????
(Drouin et al. 2008? Smith et al. 2012? Smith et al. 2014)?????????
??????(Felsenstein 1978)??????? 
? ?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?? 
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113
? 5-1???????????????????????????????
???????(????) 
??????????????????????????????????
???????/???????????????????????????
????????????? 4-4 ???????????????????
??????????????????? 
a:?????????????????????????????????
??? 
??????????????????????????????????
?????????? 33??????????(atpA, atpB, atpE, atpF, atpH, 
petA, petB, petD, psaA, psaB, psaC, psbB, psbC, psbE, rpl2, rpl14, rpl16, rpl20, 
rpoA, rpoB, rpoC1, rpoC2, rps2, rps3, rps4, rps7, rps8, rps11, rps12, rps14, rps19, 
ycf3, ycf4)???????????? 
b:???????????????????????????????? 
??????????????????????????????????
?????? 64 ??????????(atpA, atpB, atpD, atpE, atpF, atpG, 
atpH, atpI, ccsA, chlI, clpC, dnaK, groEL, petA, petB, petD, psaA, psaB, psaC, psaD, 
psaF, psaL, psbB, psbC, psbE, psbV, rpl2, rpl3, rpl5, rpl6, rpl14, rpl16, rpl19, rpl20, 
rpl21, rpl22, rpl23, rpl27, rpoA, rpoB, rpoC1, rpoC2, rps2, rps3, rps4, rps5, rps7, 
rps8, rps9, rps10, rps11, rps12, rps13, rps14, rps17, rps19, secA, secY, tatC, tufA, 
ycf3, ycf4, sufB, ccs1)???????????? 
114
 
? 5-2?16S rRNA??????????????? 
??????????????????????????????????
???????/???????????????????????????
??????????????????????????????????
????????????????? 16S rRNA????????????
??????????????????????????????????
????????? 4-4 ???????????????????????
???????????????RDP???????????????RDP
????????????????????
115
 116
 117
? 5-3???????????????????????????????
??(????) 
??????????????????????????????????
???????/???????????????????????????
???????????? 
a:????????????????????? 
??????????????????????? 29 ?????????
?(atp6, atp9, cob, cox1, cox3, nad1, nad2, nad3, nad4, nad4L, nad5, nad6, rpl16, 
rps3, rps12, atp8, nad7, nad9, rpl2, rpl6, rpl14, rps2, rps4, rps7, rps8, rps10, rps13, 
rps14, rps19)???????????? 
b:???????????????????????????????? 
??????????????????????????????????
15??????????(atp6, atp9, cob, cox1, cox3, nad1, nad2, nad3, nad4, 
nad4L, nad5, nad6, rpl16, rps3, rps12)???????????? 
b(i):???????????????????????? 
b(ii):??????????????? 1????????? 
b(iii):??????????????? 2????????? 
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? 6? 
?? 
 
6.1. ????????  
? ?????????? Porphyridium purpureum????? Triparma laevis
???????????????????? Limnothrix sp. ABRG5-3???
??????? 
? ? 2?????? P. purpureum???????????????????
???????????????????????????P. purpureum?
???????????????????????????????????
?????????????????P. purpureum???????????
??????????????????????????P. purpureum??
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????? 
? ???P. purpureum????????????????????????
????????????????????????????DNA????
???????????? DNA ???????????????????
? EST???(Chan et al. 2011)????????????????????
?????????????????????????? DNA ?????
????????????? 
? ? 3?????? T. laevis?????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????T. laevis ????????????
??????????????????????????????????
????????T. laevis ??????????????????????
119
??????????????????????????????????
??????????????????????????????? 
? ? 4 ??? Limnothrix sp. ABRG5-3 ??????????Limnothrix sp. 
ABRG5-3 ?????????????????????????????
??????????????????????????????????
??????Limnothrix sp. ABRG5-3??????????????????
?(Nishizawa et al. 2010)????????????????????????
??? 
? ? 5???????????????????????????????
? 16S rRNA????????????????????????????
??(? 5-1)?????????????????????????????
?????????????????????????????? 3???
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????????????????(? 5-3b)
??????????????????????????????????
???????????? 
 
6.2. ?????????????????????????
?????  
? ?????????????????????????????????
?????????????????????????????(? 4??A
????)?????????(? 4?? B, C, D????)????????
??????????????????????????????????
????rRNA ???????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????(Shih et al. 2013)?A????? B, C, D????????
120
??????????????????????????????????
???????rRNA ????????????????????????
???????????????????? rRNA???????????
??????????????? 
? ???????????????????????A ????? B, C, D
?????????????????(? 4-9)?A????????????
? rplC-rpmE?????????????????B, C, D??????infA
? rpmJ ??????????????????????????????
???rpsJ-rplQ???????????????????????????
?????????????(Suh et al. 1996, Li et al. 1997)????????
??????????????????????????????????
??????????????????????????????????
??????(Ohta et al. 1997)?????????????????????
???Paulinella chromatophora?????????????????????
?????????????????? Prochlorococcus/Synechococcus ??
?????????????(? 4-9?? 6-1)? 
? ?????????????????????????????????
?????rpsJ-rplQ?????????????????????????
???????????????????rpsJ? rpsL-tufA????????
????? (Synechococcus sp. PCC 7502? Limnothrix sp. ABRG5-3????
???????)?????????????? rplC-rpmE????????
?????(? 2-10)?????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
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??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????P. chromatophora ????????
??????????????????????????????(? 6-2)?
????? Rhopalodiaceae ??????????????????????
????????(Nakayama et al. 2014)?????????????????
Cyanothece?????????????????? Epithemia turgida???
??????????(accession number: AP012549)???????????
?????????????????rplC-rpmE? rpsL-rpsJ???????
????rplC-rpmE? rpsL-rpsJ????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????????????? 
 
6.3. ?????????????????????????
??????  
? ?????????????????????????????????
?????????????? rRNA?????????????????
????? rRNA??????????????????????????
?????????????(? 2-2)?P. purpureum?????????rRNA
??????????????????rrs ? rrl ????????? tRNA
??????????????????? 
? rRNA ??????????????????????????????
??????????????????????????????????
??????????2?????????? rRNA???????????
???????????????????????rRNA ????? 1 ??
??????????????????????????????????
??????????????????????????????????
122
??????????????????????????????????
???????????2 ?????????? rRNA ?????????
???????????? 1?? rRNA????????????????
??????????????????????? 1??????????
???????????????????????? 2?? rRNA????
??????????????2?? rRNA???????????? tRNA
??????????????????????????? 
? ?? 3 ?(???????????????????)? rRNA ?????
??????????????????????????????????
????????? ycf66 ??????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????? 
123
 
? 6-1?Paulinella chromatophora????????????????????
?????????? 
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????(??? kbp)???????????? Prochlorococcus/Synechococcus
???????????????????????????? 
124
 ? 6-2???????????????????????????????
????????? 
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????? A, B, C, D???????
??????????????????????????? Paulinella 
chromatophora ??????????rplC-rpmE ? rpsL-rpsJ ???????
????????A?????????????????????????
??????????????????????????????????
???????????????????????????(? 2-10)? 
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?? ??????????????????????????????????
?????? 
? 2-10?? 4-9???
? 6-1, 2?????? 
?????
???? 
?????
???? 
Rpl2 L2 rplB rpl2 
Rpl3 L3 rplC rpl3 
Rpl4 L4 rplD rpl4 
Rpl5 L5 rplE rpl5 
Rpl6 L6 rplF rpl6 
Rpl13 L13 rplM rpl13 
Rpl14 L14 rplN rpl14 
Rpl15 L15 rplO rpl15 
Rpl16 L16 rplP rpl16 
Rpl17 L17 rplQ rpl17 
Rpl18 L18 rplR rpl18 
Rpl22 L22 rplV rpl22 
Rpl23 L23 rplW rpl23 
Rpl24 L24 rplX rpl24 
Rpl29 L29 rpmC rpl29 
Rpl30 L30 rpmD rpl30 
Rpl31 L31 rpmE rpl31 
Rpl36 L36 rpmJ rpl36 
Rps3 S3 rpsC rps3 
Rps4 S4 rpsD rps4 
Rps5 S5 rpsE rps5 
Rps7 S7 rpsG rps7 
Rps8 S8 rpsH rps8 
Rps9 S9 rpsI rps9 
Rps10 S10 rpsJ rps10 
Rps11 S11 rpsK rps11 
Rps12 S12 rpsL rps12 
Rps13 S13 rpsM rps13 
Rps14 S14 rpsN rps14 
Rps17 S17 rpsQ rps17 
Rps19 S19 rpsS rps19 
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